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ABSTRACT 


Previous space flLght development efforts have included the need 
for zero gravity test conditions. E . ly medical research used fighter 
aircraft for human and animal experiiu. r.ts ; early NASA projects employed 
the KC-135 for engineering and functional spacecraft testing and for 
valuable contributions to astronaut procedural training. 

The Marshall Space Flight Center's mission assignments ir space 
manufacturing and construction require a locally available, low cost, 
zero g testing method with time/cost variables between the present drop 
tower and orbital flight. Such a facility can best be provided by 
minimal conversion of a fighter-type aircraft. 

Available possible aircraft include the T-33, the T-38, the F-94C, 
the F-104, and the F-4. The T-38 should ne considered the optimal air- 
craft for conversion; it can produce continuous zero gravity parabolas 
lasting 1 minute and 20 seconds. For initial conversion, the T-33 air- 
craft represents the best choice since it is more available and can be 
modified at a lower cost than the T-38; it is capable of a maximum single 
p<. *-abola time of 35.8 seconds. 

Removable pods equipped with instrumentation for monitoring of tests 
under zero g flight are recommended. These pods would be designed to 
fit available space within the aircraft or fasten to existing attach 
points external to the aircraft. 

Costs involved in modifying and operating the T-33 aircraft for 
zero g experimentation were estimated. 

Attempts were made to obtain comparative operating cost data for the 
KC-135 aircraft now in service for zero g testing. This information is 
available from the Air Force but is considered classified. 
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SECTION 1. CONCLUSIONS AND RECOMMENDATIONS 


It Is concluded from this study that fighter type aircraft can be 
modified to provide a true zero gravity environment within which space 
manufacturing studies can be made. It is further concluded that basic 
studies can be conducted, within the modified aircraft, which would support 
the development of space manufacturing experiments now under consideration. 

The T-38 model aircraft was ioentifled as being the optimal aircraft 
for conversion; however, it is recommended that initial consideration be 
given to converting the T-33 model aircraft since it is readily available 
and could be modified at a lower cost. 




SECTION II. INTRODUCTION 


Pas': space flight experiences have clearly fhown that reliability and 
results are enhanced through use of special ground simulation and testing 
techniques. Neutral buoyancy zero g simulation, used extensively for the 
first time in training astronaut Aldrin for Gemini, dramatically demcn- 
strated the results gained over previous flights through the use of this 
technique. (See Reference 1). For astronaut procedureal training, where 
ob ject-to-ob ject (external) zero g representation is the required relative 
value desired, this method of water immersion is an adequate technique. 

Of course, in this case, all the ordinary gravi ty -bound conditions are 
met (i.e., objects develop a weight equal to their mass times standard 1 g 
acceleration they are restrained from relative movement with an upward 
force equal to their weight). The only difference between neutral buoyancy 
rimulation, or so-called "zero" gravity simulation and the usual earth 
gravity conditions is that the gravity counterforce (upward restraining 
force) is developed on the exterior surfaces of a submerged body. Under 
normal conditions, the gravitational counterforce is applied at specific 
planar reaction surfaces such as the shoe-floor or chair-seat contact areas. 
Under water immersion "zero" gravity simulation, the body experiences the 
supporting counterforce over its entire surface and throughout the water 
medium, independent of any planar reaction surface. (See Reference 2). 

Thus, neutrally buoyant objects "float" and the external body-to-body sit- 
uation contains a high degree of similarity to the free body "zero" gravity 
situation during orbital space flight. 

While water immersion is a suitable technique for astronaut procedural 
training, it is totally unsuitable for other types of zero g studies. For 
example, the action of liquids within tanks during orbital zero g conditions 
cannot be studied using this technique since the internal tank liquid-to- 
tank condition would be the same regardless of the method of external tank 
wall support. (See Reference 3). Physical, physiological, and medical 
processes which require true relative zero g can presently be studies only 
if some method can be found to completely remove r' e restraining counter- 
force that resists free fall. In this condition the free body acts under 
the influence of gravity and its own inertia and is in a state of free fall 
or virtual weightlessness, exactly equivalent to the orbital flight con- 
dition. 

Early medical research chose the high speed fighter aircraft in which 
to develop zero g since their requirements were for true relative zero g 
?n human or animal test subjects for as long a period of time as possible. 
(See References 4 and 5). As space flight progressed, on-board space was 
utilized for research purposes where the experiment priority was high 
enough and the high costs could be afforded. (See Reference 6). Zero g 
testing also evolved into large scale procedural development and training 
aids for the astronauts. KC-135 aircraft were converted for this use; 
these aircraft plus neutral buoyancy methods proved invaluable in the 
development of space flight capabilities. The short 10 to 20 second periods 
of true relative zero g available from the KC-135 were uniquely compli- 
mented by the unlimited time of simulated zero g available from immersion 
simulation. The limitations of these techniques were easily overcome 
especially when testing human procedural problems and solutions. 
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A recent example ot the brilliant use of simple, low cost zero g 
testing is found in the work of Dr. Thcmas R. Kane, Professor of Applied 
Mechanics, Stanford University. (See Reference 7). Dr. Kane analyzed the 
problem of reorientation of astronauts by means of limb movements through 
application of the methods of classical theoretical mechanics. This com- 
plex analysis was experimentally verified by Dr. Kane using a tr*t.*ud 
gymnast on a trampoline. Such a system afforded a true relative zero g 
time of about 2 seconds. Contnands for executing the limb movement re- 
orientation maneuvers were given after the gymnast became airborne from 
the matt. By this method no reaction could be gained from the matt. 
Photographic data from the experiments clearly demonstrated the validity 
of the theoretical analysis. 

The practical achievement of extended zero g conditions within the 
atmosphere can be accomplished only through special flight techniques used 
with high speed aircraft. The aircraft can be flown in such a manner to 
allow free fall of objects carried inside. The aircraft requirements are 
that the required free fall velocities be precisely attainable and that 
the test object be relieved of the dynamic air loads developed at such 
speeds . 

Now that space flight is a proven reality, our needs naturally turn 
toward the profitable uses of this unusual tool. The requirement for 
vastly increased knowledge relating to space manufacturing and construction 
processes represents a highly probable future Involvement for the Marshall 
Space Flight Center. Thus, there exists a critical need for MSFC to develop 
locally based, immediately available, low cost, true zero g testing and 
simulation techniques. The most logical answer to these needs rests with 
the adaptation of modern fighter aircraft as a test-bed for providing a 
true relative zero g environment in which to conduct space manufacturing 
experimentation . 
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SECTION III. ZERO G TRAJECTORY ANALYSIS 


The basic physics and equations of motion which describe zero g 
trajectories for aircraft have been presented previously. (See References 
5, 8, & 9). They are updated here to Include data on the latest avail- 
able aircraft and to allow rendy reference. 

The single basic requirement for kinematic production of zero gravity 
Is that the aircraft achieve a vertical change in velocity equal to the 
gravity field acceleration In which the craft is located. This must be 
accomplished without adding spurious accelerations In other than gravity 
field plane. 

This requirement is totally in the vertical plane. This means that 
a cre f t loosed vertically with some initial velocity (V Q ) must lose a 
velocity increment (-gt) per unit time on the upward portion of the tra- 
jector until the initial velocity is reduced to zero. It may then con- 
tinue to accelerate downward gaining vertical velocity on the downward 
portion of the flight. An aircraft cannot follow such a stylized vertical 
flight path. The aircraft requires that the relative air vector always be 
directed mo.e or less rearward along its longitudinal axis. To maintain 
this aerodynamic requirement in a vertical trajectory, the aircraft would 
be required to rotate Instantaneously 180° at the peak of the trajectory. 
Since the aircraft cannot do this, it must begin its zero g flight with 
a small horizontal component of velocity which remains unchanged throughout 
the zero g maneuver. Since the vertical velocity component reduces to zero 
at the apex, the horizontal component remains as the minimum maneuver speed 
t this point. The maximum flight speed combines with this constant hori- 
_ r»tal component at entry and exit to define the entry and exit angles. 

(See Reference 8). 

A typical parabolic trajectory is shown in Figure 1. A spiraling 
slight diving entry is used to gain airspeed (Point a to b), Point b 
indicates the initiation of pull up, and accelerative overload from Point 
b to c. Point c Indicates the beginning rf zero gravity, the achievement 
of entry velocity and entry angle. On the upward limb, the vertical 
velocity continually reduces toward zero while the horizontal velocity 
remains constant and equal to the flight velocity at Point d, the peak of 
the trajectory. Point d to e represents the descending or diving portion 
of zero gravity flight where the aircraft vertical velocity component is 
continually increasing. During this part of the trajectory, the flight 
acceleration and the local gravity acceleration are all in the same 
direction. Point e represents the end of the zero gravity condition and 
the beginning of diving pullout to level flight. 

The equations which relate the pertinent variables of velocity, 
acceleration, attitude change, and zero gravity time are: 

The total time (T) of the zero gravity condition: 

(1) T * 2 Vo Sin* 

g 


4 


d 



I 

i 



Figure 1. Typical Velocity Vector Conponer.ts During Zero-G Profile 
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where: Vo ■ Maximum flight (entry) speed 

■ Angle of entry 
g • Local gravity constant 

The Initial entry angle: 

(2) - Cos " l 

Vo 

where: Vo ■ Maximum flight (entry) speed 

Vh ■ Minimum flight (horizontal) speed 
The maximum altitude and the change in altitude: 

(3) H max - Ho + 4.026T 2 

where: Ho - Initial altitude at entry (Point c Fig. 1). 

T ■ Total tins, of zero gravity 

Figures 2, 3, 4, and 5 show the relationship between the variables 
which control the zero g parabola. (See References 8 and 9). 
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SUCTION IV. 


l y mi.TL^LLY UbAilLL AIHCiiAIT AID RilLATLD 
PEilTDit* SY iCL G lAxiACl-DUSTICS 


A. basic Aircraft Axjuiremcnts 

Tne basic requirements for toe zero-g aircraft arc: 

1. Tnc aircraft sliould nave as high a maximum speed a3 possible. 

2. The aircraft snould iiave as low a mininum control speed as possible. 

3. Tnc aircraft s.iouiu nave no systems wnich are adversely affected 

by zero-g maneuvers. 

4. Tiie aircraft snould .lave adequate space and weignt carrying ability 
for the experimental equipment required. 

5. The aircraft should nave no major engine systems, or airframe prcauleiis 
which would oorpromise flignt safety tnrougnout tiie full dynamic 
range of flight conditions to ue encountered during zero-g flignts. 

The rejuironont for hign entr/ speed and low minimum ountrol speed results 
because tnc difference between tnese speed values determines tiie maximum zero- 
g tine available. It should be noted tnat minimum control Sixxxl is not tiie 
ordinary stalling speed of tne aircraft, during tne zero-gravity iruneuver no 
lift is rojuired of the lifting surfaces since there is no effective weight 
being applied by tiie aircraft. Lifting surfaces are operating at or very near 
a zero do/ree angle of attack. At this angle of attack, with essentially zero 
wing loading, tiie "stall" speed occurs at zero relative air velocity. Tnc 
minimum control speed required may ije more or less than the ordinary i-g 
stalling speed for a particular aircraft. 

A large number of possible zero-q induced systems difficulties iiave been 
considered in preparing this report. Tiie most probable difficulties witn tne 
aircraft are in those systems in whicii a liquid phase \s present. 

1. Tne Fuel System 

During a 60 second zero-g maneuver, modern f igatcr aircraft will 
consume from 5 to 25 gallons of fuel. .Jormal aircraft fuel systems depend on 
a positive g- loading to orient the fuel for boost punp and engine pickups. 

Liquid tension forces during zero-g are not sufficient to mintain tiie fuel 
flows for tiie quantity of flow lasted above from the floating fuel mass in tiie 
tan!: toward the liquid pickup point. Tnercfore, unless tiie fuel system is 
especially modified for zero-g use, erratic engine operation and flameout can 
occur after tiie fuel already in the lines under positive punp conditions is 
consumed . 

2. The Lubrication System 

Tnosc oil systems which are diagramatically similar to tne fuel systems, 
tiiose w.iich have (jravity-orientod pickup points , will iiave potential difficulties 
under zero-gravity conditions. Tiie nujor differences between fuel oil systems 
arise due to tiie susceptibility of tne particular engine to oil starvation and 
tiie permanency of tiiis effect after normal gravity returns. Each aircraft and 
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engine combination will vary widely from no ntxiification necessary to 
ratification lor a positive displacement oil roaorvoir-supply system. 

3. Tnc Hydraulic Systen 

The action of tne hydraulic system will vary with tne particular air- 
craft. ;t>'3t of tnc early aircraft will have necnanical primary controls 
•vita aydraulics for boost only: tnese curlier systems will not be considerably 
troubled by under piny up to 60 consecutive seconds of zero yravit-/ fliynt:. 

Later aircraft have nuch more oonplicatod ivy draulic systems w.iicn corryrise 
tile full fliynt control system. Tnese systems are subject to fluid reservoir 
and fluid pickup ?unp cavitation problems similar to tnc fuel system problems 
described above. . dditionally , most modem aircraft hydraulic fliynt aontrol 
systems arc sensitive to inclusion of vapor vitnin the positive pressure 
sections, especially in tnc actuators of the system. In order to avoid tnis 
problem, vapor-oil separators ore usually a part of tiie hydraulic system. 

It would be necessary to evaluate tiie effect of zero-yravity on the particular 
modified zero-g nydraulic system arn d to certify tnat no additional vapor was 
bciny injected into tne system under zero-gravity operation. itodification 
of tnese vapor-oil separator systems therefore must be considered in addition 
to the hydraulic fluid pickup. 

4. Liquid Oxygen breathing Systems 

Tiie more modem jet aircraft are oyuippod with LOX converter-containers 
as tnc reservoir for crew member breathing oxyyen. These containers depend on 
gravity and orientation to separate tne vapor-liquid piloses. It is possible 
tnat tnc "liquid float" condition observed duriny zero yravity will cause 
iryroper pickup and feeding of LOX from tiie oontainer-converter. 

There also may be zero-g oroblems introduced in tnc LOX neat exenanyer 
section downstream of the LOX container. This iieat exenonepr operates under 
normal g loading to positively vaporize tiie liquid and briny the resulting 
broa tniny CDX up to a proper tenperature for crew member use. Under zero-y 
conditions, tne "float" may relieve tne LOX droplets from contact with tnc 
walls of the downstream converter neat exchanger and result in delivery of 
liquid LOX or gaseous, breaming oxygen at lower than acceptable tenperature. 

Converters for orbital flight crew use iiave been built and also relatively 
sirple modifications may be able to be used to eliminate this problem 

5. Spied al Systems Problems 

Linen aircraft being reviewed for possible use siiould 1x2 carefully 
scrutinized for any specific aircraft systems or zero-y induced flight safety 
problems other than the general problems listod above. Fbr instance, tiie fuel 
control systems on the General Llectric J-7 ( 0 series engines, wliich currently 
:xjwer tiie F-104 ana F-4 aircraft, is actually a conplex fluidics system which 
lias potential dangers under zero-y conditions. This fuel sontrol systems uses 
tne fuel itself internally as a fluid control and fluid power medium. Lxternal 
to tiie fuel control, tne fuel is routed to power tiie variable stator stages in 
tnc engine compressor section, routed to tiie engine fuel oil heat exenanyer, and 
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'in dl ' , is routed to Uic engine combustor cans for its original purpose as 
t> .jit • i >ic Va^jor cntraincxi into tU3 fuel system due to zero-g nuneuvers 

, i. • unpredictable results, results which may reduce the reliability ui 
o ;t z<ro-g engine o^xiratians. 

B. Considerations of Available Aircraft 


This r*\«rt considers five aircraft as possible aircraft for use in 
su>porting .'131X3 zero-g simulation. These aricraft types are tnc T-33, T-94C, 
T-38, F-104 , and F-4H. Tnc T-33 and F-94 iiave been previously usod for zero-g 
support of early medical studies by tae UivF, dciiool of Aviation i bdicine, 

San Antonio, Texas , and by tile Space biology xiranen of the UBAF Aeromedical 
Field Laboratory at Holloman /ur Force base, .'fix ite bands, N. M. (10], Tne 
results of usin j t lose aircraft have Ixjen previously published by those nixlicnl 
rcscarcners, as .veil as tneir estimates of tly? potential value of using the 
F-194 aircraft in this type work. Tncse studies were accorrplisnai in the 1950's. 
Luring this time the T-"*— 1 04 was in experimental service only; the TV 33, and F-4 
/ere not available. This study lias included as much additional practical 
information as ;JOssible that nas been gained from operational and special 
service use of tne na/er aircraft since tnese medical rejjorts were made. Tais 
information is included so that evaluation of all potentially useful available 
aircraft may be made at tnis unu at any future date. 


i * T.iC T-Ji Aircraft 

Tiie T-33 aircraft (12] is a two seat, single engine, turbojet powered 
aircraft. I 4 was mult by tile Lockheed Aircraft Colony as a grants i version 
of the original I -HO aircraft to be used extensively by all U.S. Military 
Services. Its use was primarily in administrative, fiyntcr transition, aid 
student trainer capacities. It is still in service in small numbers in the 
administrative flight role. Large numbers iiave been retired from tne training 
coirrunds and have been replaced my i.ore modem trainers such as the T-3H. 

The T-33 nas a maximum thoorectical zero-gravity time of 35.8 seconds. 

Tts flignt trajectory will include a maximum true air speed of 350 Juiots at 
entry and exit, and a minimum s^jeed of 100 knots at tne trajectory peak. 

The fuel system must be modified in order to insure positive zero-g 
operation. Tne J-33 centrifugal compressor is known to .ae unusually insensitive 
to interruptions in oil supply . Even tiaougn nPnentary oil pressure losses can 
be expected witsiout oil system modifications, no significant problems are 
expected to occur from this. 

Tiie errs-/ members' breathing oxygen is from a gaseous oxygen storage and 
supply system, do problem is expected with this system. 

All aircraft primary flignt control systems are mecnanical. li/uraulic 
boost is applied only to the aileron system. Tne dive brakes are also 
hydraulic powered and can be expected tea be used normally following termination 
of zero-y and during pull-out of the dive. Snail fluid volume usage sivould 
be expected tnrougn the aileron boost system during tile zero-gravity flignt 
and no problems arc at present predicted for tnc unmodiiiou V-3J nyuraulic system. 
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'rovious aidife of tne T-33 for zero-gravity investigations nas oo*-i 
reported ay GeratncwDnl and Uun Jcckn (10, 11). Tuese reports indicate 
regularly aciiiovod zero-g tine of 20-25 seconds. In addition slight lateral 
stability problems anJ fuel flow interruptions wore also reported. no 
modifications were reported since tnese investi gators adopted tne F-94C as 
a no re useful venicle. 

2. Tne F-94C Aircraft 


Tne Lockneod 1-94 aircraft is a growtn version of tne I’- 30, I 1 - 3 3 series 
aircraft. It was auilt to carry a pilot and radar observer primarily for 
an air defense interceptor role. This aircraft naa ixjcn totally retired from 
active service and, ooc<»ire of tne ruintcnance difficulty associated with an 
aircraft not doing actively used, is not being consider ud as a practical 
candidate aircraft, however a great amount of the previous work and tne 
Ion j«t»t zero-g fighter aircraft service was ootainod with the F-94. V\sr 
tiiis reason the F-94 is mentioned nere. 


Tiie F-94 was cguippod witii a centrifugal uorpressor engine and an 
afterburner. Since the aircraft nad a higher limiting macii numuer tiian the 
T-33 tne entry speed was moved to 425 knots and tne maximum practical 
periods of wcig.it lessness were increased to 49-45 seoonls. Loss lateral 
stability problems were also noted tiian wnon using tiie T-33. 

3. Tiie T-38 Aircraft 


The Nortiirup l'- 38 aircraft is a growth version of tne J156F or F-5 
MAT9 f i inter .aircraft. The T-38 carries two crew numaers witii a primary mission 
of advanced jet training for U3AF students. 

The T-38 nas two small General Llectric axial flow turbojet engines eucn 
ejurppel with afterourner. It can reach a maximum nuch numixr of 1.4 to 1.5 
in love, flignt aaovc 20,900 ft. With tiiis maximum speed it can achieve a 
zero-g tim per parabola of 1 minute and 23 s-jeonds. Tiiis aircraft is lightweiejnt , 
is relatively easy to maintain, nas the safety aspect offered ay two engines, 
and can operate easily from s.iortcr runway lengths. It is in current service 
in tne lEAF in great numbers. I'rom an over-all standpoint tiie T-38 offers 
tne maximum practical value as a zero gravity support test aircraft. 

4. The F-104 and F-4 /dr craft 

The Loci snood 1^-104 and tiie McJumel F-4 aircraft are botn available 
in two seat versions, dotn aircraft offer maximum speeds in excess of macii 
2.9; therefore, both aircraft theoretically offer more tnan 2 continuous 
minutes of zero-g time t x 2 r single paranoia. dota aircraft are eguippod with 
tiie General Llcctric J-79 axial flow turbojet engines with afterburner. doth 
aircraft iiave highly sopiiisticatod full flight hydraulic control systems which 
will nave to modified for zero-g use along witii their fuel and LOX breathing 
systems. 


Liarlier studies iiave indicated a desire to use tne men 2 + speeds of 
tne F-104. Gguadron service witii these nigh macii (F-194 and F-4) aircraft nas 
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Ijeouru a reality since tieso re<JQrinenaation3 were iiude. Tnis practical 
..ervice, especially tic special service use in developing attack procedures 
for use against ultra nigh flignt reconnaissance aircraft of tne U-2 ty^x:, 
ha3 s.vo./n semu problems not anticipated by tic early nodical resoorener in 
making this reccmondation for zero-g use. 

rirst of all, tiesc maximum speeds of mach 2 are limited by dynamic 
air lo<iding of tnc ix)t turoire section (nozzle diap.iugm) . Tills limit specifies 
a loading egui valent to an indicated airSiXxxi of not iiorc tiun 750 knots. Tills 
IAJ or less is coincident with imen 2.0 + only above 33,000 + feet. Tnerefcre 
pull-up altitules tor the zero- | parabola must begin a*x>ve 33,000 + feet. lYom 
tic trajectory analysis presented the eiionge in altitude expected from tnis 
speoJ will ae at least 3^ to 40,000 feet. During Uic peak altitude of 05 to 
80,000 feet several undesirable conditions will lx: encountered: (1) aerodynamic 

control will be minirral, and (2) engine airflow near tiie peak will not be 
sufficient to maintain idle engine operation without overheat and tne engine 
nay have to no snut down. Aerodynamic control could be replaced with a 
reaction control system and a small rocket engine could be installed, ii utn 
of t.iese modifications liave been done to produce the .‘JF- 104 space trainer 
aircraft now being used at Edwards AFd- (MASA) Aero3£jace Test Pilot School. 

Tacrc is also a certain stability problem with the F-104. In order to 
solve tsie aerodynamic problems attendant with very high nuca numbers, tic 
designers of tie i u 104 eonpronisod on a desi<jn wnien is uerod/naruically 
unstable. Tne required flignt stability of this aircraft is adequately 
replaced by a tiree axis electronic stabilization system. Tne pilots nandbook 
(13) continually warns tie pilot against placing negative g- loading on biis 
nucaine. Tnese warnings are crt^xiasized witii flig.it at hign men numbers. 

Fence tiie aircraft is structurally capable of light negative g- loading, this 
limit can be deduced as a stability derived limit. 

Tne interaction of tnc basic aerodynamic instability of the airframe witii 
tiie electronic stability control system of tne F-104 during a maneuver as 
unusual as tie zero-g parabola cannot be adequately predicted. It should be 
checked by extensive consultation v/itn tiie designers. It is even possible 
tnat for routine zero-gravity use, tnc F-104, arxl possibly oticr very hign irueii 
nurrtxa: aircraft, siiould be placed birough a comprehensive special flignt test 
program. 

It is doubtful whether tie advantages to be gained from modifying these 
very high naeii number aircraft ./ould be worbi tie cost, especially since tic 
T-38 can be used at muen less expected modification and total cost for zero-g 
times longer tian i minute. Presently, macn numbers above M 2.0 appear to 
offer an unprofitable transition between aircraft and spacecraft when projected 
for zero-gravity use. 

C. Reoonmenued Aircraft for Initial Use 

From considerations of cost, availability, maintenance, and projected 
asefullness it appears tiat tie T-33 and T-38 aircraft offer potential value 
as support aircraft for II1FC studies in space processing, maintenance , 
construction, and manufacturing. The T-33 is both available, in surplus, and 
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.iaa ruintenancu ports available, T.ic T-33 ia also still in sguaoron use. 

The Y-33 ./ill yield 30 seconds of single paranoia zero-g tint* and it is 
tao lovest cost, irtwodiafcely available option. Tne T-38 .vill yield over 1 
minute :x*r t >ura.JOla and a.iuuld ae considered the optimum aircraft for auon 

service. 

Pertinent per fomuncc character is ties of tik* various aircraft discussed 
in Section III arc given in Table I. 




Type 
Aircraf . 

'^ninurr. 

Speed 

( r JlOtS ) * 

Iiitry 
Speed V Q 
(Knots) 

Starting 
Altitude ilo 
(Ft.) 

1 dxirium 
Altitude 
(Ft.) 

Angle 

of 

Climb 

(degrees) 

Zero-C. 

Tiino 

(Seconds) 

"'-3 3A 

100 

350 

18,000 

23,000 

73° 

20' 

35.8 

F-94C 

100 

450 

18,000 

27,120 

77° 

10' 

47.6 

T-38 

100 

800 

25,000 

52,000 

82° 

50' 

83.3 

F-104H 

100 

1100 

35,000 

80,100 

84° 

50' 

117.0 

p -4 

100 

- F-f. .. ' 

1200 

35,000 

100,000 

85° 

10’ 

127.0 


Table I. Cliaracteristica of Optiirul Tlig.it 
Parabola for different Aircraft 
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sixtij:j v. 


t-33 aIiCkaft MX)iFiGvno;4d 


T.vere dro several areas in bie T-33 aircraft but can possibly lx* 
converted to experiments package u3o, Tnosc rtxlifi cations are discussed 
m this section. Costa arc estimates only , and a more* precise definition 
of tie re juiremonts will oc noc^sary CcTore final coats can be accurately 
determined. Depending on this variable, bic costs nuy increase or decrease. 

A. Tne .Jose Conparunent Position (Item A) . 

T.ie CTxrportncnt forward of tnc concur id pilot contains navigation 
electronics, oatteries, inverters, antennae, and other equipment. Ibr a 
special zero-g aircraft, seme of biis oyuipi.ent nuy be removed so taut 
permanent zero-g fliynt instrumentation or zero-y experiments instrumentation 
can be installed. Suggested for removal are the Attd-12 receiver, tne ARJ-18 
receiver, and t*ie APX-25 receiver. Ibur zero-g flight instrument boxes 
can oe added jjcrmancntly in tne available volume. 

D. /in<j Tip Tod txiifi cations (Iten 3) . 

bach of tne winy tip pods nornully carries 230 yalluns of fuel, n/itn 
low Miy.it tiino rind practically no radius of action roiuirements, biese pods 
con be ixirniinently enptiod and modified for ex{x*riinint uiid experiment supi»rt 
oyuipnent. Access doors con be cut into the pods, tne fuel baffles and other 
fuel associated items removed, and royuired oyuipnent support stations be 
dcsiyned and affixed. Equipment can tnen be installed. Lxistiny accessways 
birouyn tiie wings are of sufficient size for electrical connections to tne 
pods. 


bach winy tip experiments pod could safely carry up to 800 pounds of 
pa/load (balance will be required) . 

C. The Second Pilots boat Area (Itc: - C) , 

The rear pilot seat, stick, instrument panel, radios and otner ajurarient 
can no removed. An exjxximunts ;xxl can oc desi jneu to fit this area. Tne 
ruxinun possible load in this area will depenu ypon how it can be distributed 
and supported, and qion tnc struct ual supports and modifications but can be 
provided. It is anticipated but an 800 pound payload capability will result 
from bus modification. 

D. Tne baggage Pod (JATO Area) (Iten D) . 

A redesiejnod travel pod can oe installed near the present position. Tne 
loading here will be dependent upon the JATO iiook desiyns. Tne widbi aru 
lcnybi of biis pod can be greater than bic present pod, but bie depbi is 
limited to approximately bie same (11 to 15 inches) . The maximum v/eiynt of 
bic payload expected here is 300 pounds. 
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i;. ‘kawing lbQ-xsrirunts ^od (Item i;) . 

dome k'— 33 aircraft iiave a mid-wing hardpoinl installed. Tai 3 was 
desi'jnod tor use of pylon tunlui and for ecru practice* If tie aircraft aos 
tus iiord. joint , it is feasible to design and install a mid-winy experiments 
ixxi fur eac .1 pylon. Tacse will oe capable of carrying 1000 pounds each 
(baluncad ioadin j) , loss tao L xxi weight. 

r. dpaco aiki weig.it Catnuinutions Available Jimultonoously . 

The space and weiy.it capacities discussed previously are lot all jX)33iblc 
sinultanoously. Tne jjossible coruinations are: 

1. A + J 

2. A ♦ C (displace fuel in tip tanks as requires) . 

J. A ♦ J 

4. A ♦ L (displace fuel in tip tank3 as reyLured) . 

5. >tier combinations can be used by displacing fuel as 
required, suai asA+B + C + F. 

Tne volumes available axu cost estimates for each ore set forth in Section 

VII. 

G. Iiiel d/stem ; txlification (Item F) . 

Mxiifi cations to die fuel system to provide positive fuel pressure during 
tne maneuver were discussed witi engine and fuel system specialists* The most 
feasible and economical fuel system modification would be tne installation of 
a fuel aecunilator of about five to seven gallons ca^jaei ty . Suitable check 
valves and pressure valves would be included. A line from tne compressor bleed 
air would provide Lie pressure air supply to cnarge the accumulator. A pressure 
operated valve .would open and allow tie accumulator supply to feea tic engine 
when tile main fuel supply pressure dropped to a predetermined point. 

il. Electrical System 

i txlification of tic existing electrical system will be dictated by tic 
specific requirements of tie zero-g experiments being performed. 

Research of tie Tecnnical Orders reveals tnat the existing electrical 
syster.i is composed of: 

1 ea 400 anu 28 V, LAC. Generator 

1 ea 6 Volt-Ampere Instrument Inverter 

1 ea 750 Volt-Anpere (or 2500 VA) Inverter 

1 ea 250 Volt-Anpere Standoy Inverter 

.Additional generating capacity could be considered if necessary. 

I. Z ero Gravity Pliant Instrumentation 

The pilot's ability to maintain tie aircraft ir. weigntless st*te will be 
partly - •^pendent on tne cockpit instrumentation designed to indicate departures 
from tie desired flignt path. Medical resear cn in zero gravity lias produced 
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sane lrprovencnts in zero-gravity flignt indicator instruments; no..over, 
ado junto instrumentation renkiins a nkijor Siicartconing. 

The zero <jravity indicator rust present accurate real- tire data to tne 
pilot in imnodiatel/ useaole form. Many potential designs and human factors 
rojuirerents were considered before arriving at Lie system siiown diagrairatically 
in Figure 7. Tne .ieart of Lie system is a pair of linear sensing acceler one tors, 
fixed vita res^xet to tne aircraft, itccelcrometcr do. 1 detects linear 
acceleration along tne vertical aircraft axis (Yaw axis) . Accelerometer No. 2 
detects linear acceleration along Lie longitudinal axis of tne aircraft (xioll 
Axis) , Lius sensing Lie effects of engine tnrust and aerodynamic drag. 

Tne outputs of those two accelerometers are fed tnrougn tne electronic 
system as sirawn in Lie scnrmatic. nasicolly, this electronic system: (1) 

records tne zero gravity deviation versus tine ojid, (2) presents an instanta- 
neous readout to tile pilot. The record noy oe used later to determine Lie 
particular time versus gravity parametric data for Lie experinents, and to 
provide an integrated quality "score" for the parabola. Tne instantaneous 
pilot scorx? presentation will be used as a flight direction aid during the 
performance of Lie maneuver. 

The sug< jested display for this oscilloscope face is as follows. Tne 
scope lias a single , pernunent, Horizontal center line and two vertical lines 
as snown in Figure 8 (A) . during normal ono-g flignt (Hi-Kange Mode) , Lie 
brig.it line display will draw a single horizontal brignt line at the top of 
Lie scopeface as siiown by Figure 8 (d) . This display rcatiains until Lie g-load 
is reducod on maneuver entry down to + 0,5 y. At this point Lie zero-g flight 
display node (To-ftange Mxie) appears and is brougiit down to center on Lie 
scorx; during zero-g flignt. Tnis zero-g presentation is as snown in Figure 
8 (C) • Tne brignt line circle is centered an the liorizontal line bet.veen Lie 
two vertical Lines. Fore and aft linear acceleration is represented by Lie 
diameter of Lie circle, and is responsive directly to Lie Lirottle. Snould 
Lie .iircraft nave a residual deceleration, Lie circle will be enlarged (and 
centered) as snown in Figure 8 (J) . Corrective action will be Lirottle addition 
b/ Lie pilot. Conversely, a forward residual linear acceleration would oe 
represented by a smaller diameter circle, and Lie Lirottle snould be retarded 
to oring Lie circle oack to zero-g diameter. The vertical position of Lie 
bright circle, center dot, and brigiit .lorizontai hash marks represents Lie 
zero-g deviation acceleration along Lie ' f ^tical aircraft axis. Tne brignt 
lino circle aoove Lie iiorizontal line wau snow a value of positive g- loading, 
and require increased pusnover to effect return bo zero-g. Negative g would oe 
conversely represented by a belcs/-Lie-norizontal brignt circle, center dot, and 
brief it horizontal iiash marks. 

"his iiistruncntation gives a very sinplc, naturally correlated, instan- 
taneous display to Lie pilot, which should be siitple to follow with Lie 
lowest learning curve. 
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SC TPE 

PRESENTATION 

/ ] 

1 

* 

1 

ACCELEROMETER*! 



ACCELEROMETER* 2 


YAW AXIS 


EXPERIMENTAL 
DATA CHANNELS 
(AS REQD.) 


TAPE 

RECORDER 


! SIGNAL 
| CONDITIONING 


ELECTRONICS 


Fivjure 7. Proposou Zero-C Flic^ht I: is trurrtii 1 I . a tio: * 5/s ten 
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(A) Scope Graticule 


(B) HI-RANCE i-DUL 
Vertical G = 1G Positive 


(C) io-rance 
V ertical G = Zero 
Longitudinal G = Zerc 



(D) LORAWCE NODE 
Vertical G = Zero 
Longitudinal G * Negative 



(E) LD-RANCE ?ODE 
Vertical G = Zero 
Longitudinal G = Positive 


Pi -.jure 8. Typical Cockpit Presentations Fran Zero-G 
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(F) LO-RANCE Mjl)L 
Vertical G = Negative 
Longitudinal G = Zero 


Instrumentation 


S1X7TI ).. VI. 'i 1 — 3 3 /urcraft . hintenance 


It i3 

. .. 


issurxd Lut til is aircraft will be stationed at Redstone Arsenal 
nininun rruintaianccyRaperations crew will consist of 1 pilot 


The 


& 2 crewmen. Tac crewmen would airport nornul pref liynt , flight, and 
postfliynt operations; this .Jould include, reserviciny and a licj.it level of 
jc.ioduled maintenance. Tnc maintenance ejected of tiiits crow does not include: 
(1) operations on or set up of Lie experimental equipment* aru (2) full range 
unscheduled maintenance. It ia felt that suca unsc.iudulod iiuintenance ooula 
nest oo accomplished tsiroucjn a separate contract; a nearby location for Liis 
contracted maintenance would ;jo an obvious advantage. 


bedstone Airfield naa jet iueiinj equipment, jusoous oxygon servicing, 
anu Y-33 DC- type aircraft starter equipment. An additional pickup truck 
oquippcxl wita lieavy alternators aid ARC-27 plus a VdF our isuni cat ions radio 
would ixr necessary, Additional equipment miynt be necessary depending on tnc 
aval '.abi lit/ for co-use of tnis ajuipnent ./i tii otiier activities. 

1 laintenoncc ; xirLi support arrangements snouid ae nude witii die UiAF. 

T ic most satisfactory arrant jenent .Aould be to use p t urts service from Lie 
noarc3t Air Force base in Alabama, if Liis can be arranged. 
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PIL/JT JUAI.IFICATIONS Add PAA 
AIRSPACE HE JUIi<KT E./ITS 


A. Pilot qualifications 

T.k! prrnary oojcctive of the zero-y program proposed ncrcin is not fliy.it 
jualification of nard^oro, out ratner tne developing t of cnyinecriny anu 
scientific solutions to tne problems of space nunufacturiny. Tact: of ore. iii 
. »e lee tim j a prinor/ support ere.;, first consideration siuuld ue yiven to taeir 
enyineeriny and/or scientific oackyrounds. deviously, tne pilot oc 

carefully selected, not only for nis flyiny ability, out also for his 
enqinoeriny skills necessary to nanale tne type mission and equipment beiny 
flown, 

Tne zero cjravity mission itself is more exacting tnan most ordinary 
operational aircraft missions. In addition, tne aircraft suyyestod (V-33, T-38, 
1-104) are first line jet fiynter aircraft aiki require pilot skill and 
training specifically in this type aircraft. Tne oaaic pilot qualifications 
listed below should oe used as a yuide. Tne total and type of fliynt experience 
is necessary to insure taut Lie pilots’ awareness duriny tne fliynt profile 
is sufficient to encofqpass the ordinary problems of take off, londinq, safety 
of fliejat, etc, as well as tic special nature of tie parabolic zero-y maneuver; 
experience must also include an available reservoir of concentration tliat can 
lx? devoted to tiic exjxjriment bciny accorp 1 i si lexi . 

The pilot rust oc? considered a major part of tie enyineeriny/scientifie 
talent beiny applied to tie project. 

Tne minimum pilot qualifications would include: 


Accumulated Fliynt R ^luirericnts 

500 hours in jet aircraft 
500 nours in sin jle enyinc aircraft 
1500 hours total fliy.it tine 


r.A.A, Certificate Require: Hints 

T;ie pilot Siiould nold a current class FAA 
fteaical Certificate in addition to an FAA 
Comercial hi lot Ratiny. 


Currency Roguirunents 

The pilot should be current in tne type 
aircraft beiny usod for Z'cro-yravity 
operations. 


'1) Initial Currency. To obtain currency on uiitial ossit/vnont, ti< 
pilot i.nula lx.* assigned to attend one of tic Ud/vF jet up-grading courses 
regularly acid at Craig ATJ, Alaoana or iUndolpn, / J’J , Texas. Tnese courses 
consist of from 10 to 20 .curs rofresner jet flnj.it witi appropriate jrouna 
sclmol and are *ield to reorient field jrude officers w.o wire being rotatou 
from prinary non-flying to prinury flying ossignmnts. 

(2) .’bnthly Currency. Tne pilot s.iould lave flown at least 10 .lours 
in t;ie previous 60 days and iiavc nuwie at least 2 take offs and landing in 
tne previous 30 days prior to conducting solo pilot zero-gravity ojjerations. 

(3) Yearly Proficiency. Tne yearly flignt requirements 3nould include 
at least 50 i tours total time vita at least 20 aours in tne ty k xi aircraft 
acini uied for zero-gravity support. 

Tile instrument currency requirement will de[x*ad on tac necessity for 
utilizing IFR departures and approaches during zero-gravity missions and will 
cud to tie wLjovo proficiency saould tiie operation require tiiis type effort. 

H. FAA Airspace Requirements 

Taero siiould oe no dif ficuit ies with res t xx:t t n authority for operating 
witiiin tie normal FAA airspace framework. The o^xiration may he cenductod 
under Visual Flight Rules (VJK) in whica tiie pilot will assure that ac is 
ho tii off the airways and outside tiie local Huntsville Control Zones. Under 
tiesc rules tne pilot is responsible for maintaining his own safe clearances. 
Tiie flignt may be conducted under Instrument Flignt Rules (I1K) in which tic 
FAA will direct tiie pilot in tac air space and will provide flight clearance 
for otier aircraft operating under IFR rules . Operation under UK does not 
necessarily mean tiat Aignt conditions include wea tiier operation. IFK conduct 
can be selected in clear wea tiler if desired. 


Normally zero-gravity test operations wjuld be conducted in clear wea tier 
conditions, however, it would be proper to consider penetrating cloud cover 
on departure and approacn. Tne recommendations for tie actual paracolic 
maneuver ore that it oc acccmplisiicd in clear weatier (V1K) conditions. Taero 
siiould be lateral cloud clearance of more tiian 2 miles to eaca part of tie 
trajectory and any ceiling saould oe more tion 2000 feet above tin riiaxinun 
aeig.it of tie trajectory. Any lower cloud cover should b'* at least 5000 feet 
below tie minimum altitude expecteu on pullout from tic maneuver. 

Tne Huntsville area is fortunate in tiat it is not a cruwuod airspace 
corqxired to many areas in tie eastern United States, iiuntsvi lie is situateu 
in the fbiiphis air traffic control center area and it ./ould be possible to 
set aside a time-of-usc airspace siiould zero-gravity test operations become 
sufficiently re<julor to warrant suen an airspace. 


25 


SECTION VIII. EXPERIMENT TEST POD 


A. Design 

All experiments would be designed to be carried out within the 
envelope of a test pod. The size and shape of the test pod would be 
determined by the configuration of test haraware for earth orbital flight 
experiments and limitations imposed by available area within the aircraft. 
Modifications of the nose compartment, wing tip tanks, second pilot's 
seat area, travel pod, and the development of a mid wing compartment could 
be accomplished to house the test pod and required auxiliary test equip- 
ment such as electrical power supply, vacuum source, pressure supply, 
instrumentation, and control mechanisms. 

The test pod would have the capability of being readied in the shop 
and taken to the zero g simulator for testing. 

B. Instrumentation 

Visual data could be collected by means c.. video tape or motion 
picture film. The latter is recommended initially since it eliminates 
the need for on board recorders or telemetering equipment. Motion 
picture cameras of the type required are available through the Photo 
Lab and R-ME-MSI. 

Test measurements could be recorded on board using a six channel 
tape recorder and analyzed after flight. If required, real time data 
could be sent by telemetry transmitter to a ground receiving station. 
Telemetry equipment is available through R-ME-MSI, however, a ground 
tracking antenna would be required to receive telemetered information. 

The cost of modifying a surplus antenna is estimated at $2,000. 

Function sensors for anticipated measurements are available through 
R-ME-M. 

Power modules and lighting would have to be provided or modified 
at an estimated cost of $5,000. 
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SECTION IX. PROPOSED EXPERIMENTS 


Basic research, such as investigating the interaction between 
diftcrent liquids and liquids with solids where surface tension and vis- 
cosity are the main forces could be conducted in test pods within the 
aircraft . 

Liquids, unlike solids and gases, do not behave the same in zero g 
as they do on earth. Since the magnitude of the weight of liquids on 
earth is many times that of their surface tension forces, only a few 
signs of the effects of surface tension are noticeable on earth. Mercury 
forming a convex surface in a tube and water forming a concave surface 
and even defying gravity by rising in a capillary tube are a couple 
examples of effects caused by surface tension. 

In orbit, where liquids are weightless, the effects of surface 
tension no longer take a back seat to the weight. A quantity of liquid 
floating free in space will assume a spherical shape as fast as the 
liquids viscosity will allow. For water the time is on the order of 
magnitude of 0.7 x 10^ CM/ sec. 

Several experiments have been performed on the behavior of liquid 
propellants in free fall so that an effective method to get the pro- 
pellants to the rocket motors for restarting capability could be developed 
but little or no work has been done with the behavior of liquids inter- 
acting or mixing with solids, gases, or other liquids. 

How liquids that are brought into contact with a solid coats the 
entire surface of the object like water rising in a capillary tube, or 
runs off like mercury forming a spherical shape on glass will determine 
some of the things that may be done in space that can't be done on earth. 

The behavior of liquids with solids will determine, to name a few, 
the feasibility of producing or developing: hollow or multilayered 

pressurized or unpressurized castings; pre-stif fened structural materials; 
high density single crystal growth, potentially as valuable as the develop 
ment of transistors, and unsuccessfully produced on earth due to settling 
of solution; new refining and purification techniques which may enable us 
to economically produce some truly space age materials, the filament state 
of boron for example exhibits a strength greater than high strength steel 
with a weight 207. less than aluminum at a temperature that aluminum is 
melted. Extensive use of boron in jet engines could mean as much to the 
aircraft and space industries as the development of the jet engine and 
rocket motor. 

How liquids behave with gases under different pressures will deter- 
mine what can be done in this area. A quantity of liquid injected with a 
gas will form a hollow sphere due to surface tension, and by controlling 
the correct parameters, the molicules might be oriented as wished, as 
well as producing the desired interior pressure to produce new character- 
istics . 
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These spheres and microsphercs are potentially valuable for composite 
ultra high strength to weight ratio structures, used in composites for 
deep dive submarines, tailored heat characteristics for uses in high and 
low temperature structures and bearings. 

Liquid vapor pressure snd free-fall behavior will determine the 
feasibility of new methods in manufacturing. 

How liquids mix or coat each other will determine composite molding 
and forming processes, new physical and chemical properties in materials, 
and even new compounds and material characteristics may be developed. 

Liquids do not behave the same in free-fall as solids and gases; 
however, solids can be dissolved or melted as they are in most refining 
processes, and gases can be liquified as in rocket fuel. It is therefore 
evident that liquid behavior in space is not limited to things which are 
liquid at room temperature. 

Contributions could be made to the development of hardware and pro- 
cedures for manufacturing space flight experiments by examining equipment 
and techniques under a simulated space environment prior to conducting the 
experiment in space. For example, methods of controlling contaminants 
such as fumes and soot from welding processes and chips from cutting 
processes could be developed and evaluated under zero gravity conditions. 

The following is a list of proposed space flight experiments, now 
under development, that could be flown on the zero g test aircraft. 

Tube Joining : The objective of this task is to study the effect of 
reduced gravity on capillary flow and surface wetting. 

Electron Beam Melting : The objective of this task is to observe 

the effect of zero gravity on melted materials and then to examine the 
metallurgical characteristics of the resolidified materials to determine 
differences from similar materials resolidified in a 1 g environment. 

Composite Structures : The objective of this task is to measure the 

distribution of elements of different densities that were mixed, melted, 
and resolidified in the zero g environment. 

Single Crystal Refining : The objective of this task is to study 

the extent to which the absence of vibration and zero gravity during 
solidification of a material will affect the distribution and location 
of imperfections. 

Metal Cutting : The objective of this task is to develop techniques 

and equipment for severing materials in space, to meet requirements such 
as the cutting of windows in the wet workshop. Chip collection techniques 
would have to be developed before this equipment could be readied for 
space flight. 
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SECTION X. T-33 AIRCRAFT MODIFICATION, MAINTENANCE, 
AND OPERATIONAL COSTS 


Estimated costs associated with modifying, maintaining, and operating 
the T-33 aircraft for zero g experimental purposes are given in Tables 
II and 111 respectively. 
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MODIFICATION 
(REFER TO FIGURE 6) 


ESTIMATED 
MATERIAL 
COST ($) 


ITEM A (Nose Compartment) 


ITEM 0 (Wing Tip Pods) 


ITEM C (2nd Pi lots 


ITEM r (Fuel System) 


ITEM D (Baggage Carrier Pod) 


ITEM E (Midwing Pylon Pod) 


$7500.00 
(Tota I ) 



800.00 


700.00 


EST I MATED | EST I MATED 
DIRECT LABOR ' TOTAL COST* 
COST - (S) 


( Mh r ' s ) 


6400 Mhr’s $64000.00 



APPROXIMATE 
EXPERIMENTAL 
VOLUME PRODUCED 
(Ft. 3 ) 


3 Ft* 

r t.^ /Wing Tank * 


ESI • MATlL 

payload 

CAPABILITY (Ma X , 
( Lbs • ) 


75 Lbs 


l 800 Lbs. /Wing Tank_ 


20 Ft. 


400 LDs. 


2000 Mhr's 20,000.00 ll 

2700 Mhr*s 27,000.00 12 FT. 


10 Ft. 


300 Lbs. 


/Wing Pod , 800 Lbs./Wing Pod 


•Direct Labor, Overhead, G 4 A, and Fees. 


TABLE II. ESTIMATED 1-33 AIRCRAFT **3D I F I CAT I ON COSTS AND RESULTANT PAYLOADS 


Cost Iters 


Intimated Costs ($) 
Per Flyiny dour* 


Logistical duplies 
(Fuel , Oil , GJX) 


$56.50 


Viintcnance 

(direct Labor & Parts) 


$94.50 


Flight & Ground Crevs 


*Es Urates leased )n /dr Farce and 
National Guard dlatistics. 


Table III. rstiiiated Operation & Maintenance 
Costs for T-33 Aircraft. 
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ITEM 


ESTIMATED MATERIAL 
COST 


ESTIMATED DIRECT 
LABOR COST 


ESTIMATED TOTAL 
COST 


Test Pods 


Instrumentation 


$ 5,000 


Manufacture 

In-House 


$ 7 ,000 


$ 5,000 


$ 7,000 


TABLE IV. 

Estimated Cost for Fabrication and Instrumentation 
of Experiment Test Pod (Minimum Requirements) 
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